Abstract: A dual-band element that operates in two separate industrial, scientific, and medical (ISM) bands is presented that provides dual-linear or dual-circular polarization in each band. The element is ideal for wireless communication applications utilizing multiple protocol and/or Bluetooth technology. This design is realizable in cost effective printed circuit board technology making it an attractive design for low cost personal communications devices.
INTRODUCTION
Wireless access points and laptops are both turning towards antennas capable of operating in multiple frequency bands in order to support multiple protocols [1] [2] [3] . The 2.4GHz industrial, scientific, and medical (ISM) band is quickly growing in popularity for wireless communications devices due to its use in Bluetooth technology and 802.llb/g protocol. For higher data rates, the frequency band from 5.15-5.85 GHz is often used, and the 802.lla protocol operates within the 5.2GHz ISM band [2] . Circular polarized (CP) antennas are popular choices in wireless communications applications owing to their ability to allow flexible orientation in the plane of the transmitter and receiver antennas and to reduce multipath effects that can lead to signal fading [4] [5] [6] . The ability to operate with both senses of CP allows frequency reuse to double system capacity [7] . In two-way data link systems, information is often transmitted by means of polarization shift keying, a technique that utilizes orthogonal senses of CP [7] . This paper presents a dual-ISM band antenna element that allows each band to operate with either dual-linear or dual-circular polarization.
II. DUAL-BAND DUAL-POLARIZED ELEMENT TOPOLOGY
A dual-band dual-CP element is illustrated in Figure I The stripline feeds for exciting the high band element must pass through the plated through holes that provide the shorting mechanism for the low band element. In addition to shorting the low band element, the plated through holes act as mode suppressors for the parallel plate mode that can cause lower efficiency in slotted stripline designs [8, 9] . The stripline feeds for the high band are transitioned to a microstrip layer present beneath the antenna ground plane. The low band element is fed by orthogonal feed probe. These feed probes can be realized as coaxial probe feeds or plated through holes from transmission lines present on the microstrip layer that contains the feeding microstrip lines for the high band element.
III.
SIMULATION RESULTS
An element was designed with the goal to cover the 2.45 GHz and 5.8 GHz ISM bands with dual-CP operation at each band. The simulations for this element were carried out using CST Microwave Studio [10] , a computational electromagnetic tool using the Finite Integration Technique (FIT). This element can be viewed as a four-port network; Ports 1 and 2 are the high band RHCP (Right Hand Circularly Polarized) and LHCP (Left Hand Circularly Polarized) port respectively, and Ports 3 and 4 are the low band LHCP and RHCP ports. A detailed look into the s-parameters of the four-port antenna is provided in Figure 3(a)-(d) . The s-parameters show that the isolation is greater than 25dB between the high and low band ports. The isolation between the two high band ports (ls211,1 S121) has a maximum value greater than 40dB at the center of the band. The port-to-port isolation between the low band ports (ls431,1 S341) is lower than that of the high band ports. This finding is similar to that in the literature for dual-polarized microstrip patch antennas. When the comers of the patch are perturbed to achieve dual-CP operation, the orthogonal modes couple strongly to each other [11] . It has also been shown that this port-to-port isolation can be increased at the expense of impedance match and axial ratio [7, 11] . 
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-50 The axial ratio for the low and high band ports is plotted in Figure 4 as a function of frequency and theta. The low band has a minimum axial ratio of 0.33dB occurring at 2.44 GHz, and the axial ratio is below 3dB over the majority of the 2.45 GHz ISM band. The high band element has a broader CP bandwidth (8.5%), which is typical of slot elements. The high band element has a minimum axial ratio of 0.32dB for RHCP and 0.89dB for LHCP occurring at 5.9GHz. The high band element has an axial ratio better than 3dB from 5.6 -6.1 GHz, a bandwidth of 8.5%. The axial ratio holds up over a wide range of theta values which is critical in applications requiring high performance at angles other than broadside. 
IV. CONCLUSION
The element proposed has the capability to operate with orthogonal polarizations in two frequency bands. A printed circuit design provides a low profile, light weight, and low cost design that makes is desirable for integration with laptop technology, wireless access points, space born radars, cellular phone handsets and bases stations, and many other areas of the ever growing field of wireless communications.
